Background/Aims: Several pathological classification systems were commonly used in clinical practice to predict the prognosis of IgA nephropathy (IgAN). However, how prognostic value differs between these systems is unclear. The aim of this study was to compare the Lee grade, the Oxford classification, and the Haas classification and to find a simplified classification. Methods: We retrospectively analyzed IgAN cases diagnosed between January 2002 and December 2007. The endpoints were progression to end-stage renal disease (ESRD) or a ≥50% decline in estimated glomerular filtration rate (eGFR). The predictive capabilities were evaluated by comparing the ability of discrimination (continuous net reclassification) and calibration (Akaike information criterion [AIC]). Results: A total of 412 IgAN patients were included in the study. The average follow-up period was 80.62 ± 23.63 months. A total of 44 (10.68%) patients progressed to ESRD, and 70 (16.99%) patients showed a ≥50% decline in eGFR. All multivariate Cox regression models had limited power for high AIC values. The prognostic values of the Lee grade and the Oxford classification were higher than those of models containing only established baseline clinical indicators for progression to ESRD or a ≥50% decline in eGFR (Lee grade 0.50, 95% CI 0.21-0.74; Oxford classification 0.48, 95% CI 0.28-0.71). The prognostic value of the Haas classification was lower than that of the other pathological classification systems for progression to ESRD or a ≥50% decline in eGFR (Lee grade 0.53, 95% CI 0.23-0.92; Oxford classification 0.59, 95% CI 0.10-0.74). The prognostic value of hierarchical classification (Beijing classification) using M and T lesion was similar to the Oxford classification. Conclusions: Both the Lee grade and the Oxford classification showed incremental prognostic values beyond established baseline clinical indicators. The Haas classification was slightly inferior to the Lee grade and the Oxford classification. The hierarchical classification (Beijing classification) using less pathological parameters does not lose predictive efficiency.
Introduction
IgA nephropathy (IgAN) is the most common primary kidney disease and leading cause of end-stage renal disease (ESRD) in China [1, 2] . The characteristic and diagnostic lesion of IgAN is glomerular IgA deposition, as a unique or predominant positive immunoglobulin. However, the clinical course and pathological lesions of IgAN are highly variable [3, 4] . Pathological lesions of IgAN are so complicated that a number of researchers have developed pathological classification systems, of which there are two basic types: single grade, such as the Lee grade [5] and the Haas classification [6] , and semiquantitative grade, such as the Oxford classification system [7] , which was updated recently [8] . The Lee grade, one of the early editions of widespread pathological classification systems, was proposed in 1982. Considering the candidate prognostic histological lesions comprehensively, the Lee grade was characteristically simple to operate and easy to apply. Based on the Lee grade for IgAN and the World Health Organization classification system for lupus nephritis [9] , the Haas classification was published in 1997. Focal-segmental glomerulosclerosis-like lesions were listed as a sole subclass, and lesions of tubular atrophy or loss of > 40% of renal cortex were identified as the worst subclass, regardless of glomerular lesions. The Oxford classification was presented by an international consensus working group, an informal network of nephrologists and pathologists, in 2007. It defined the pathological lesions for the first time and compared the correlations and reproducibility of different lesions [10] . Although there are many studies evaluating the prognostic value of the three different pathological classification systems [11] [12] [13] , comparative analysis has been scarce [14] . Therefore, this study aimed to compare the prognostic values of the three pathological classification systems in primary IgAN in a retrospective cohort.
Subjects and Methods

Patients
We retrospectively examined patient records for new cases of IgAN that were confirmed via biopsy between January 2002 and December 2007 in the Department of Nephrology, Chinese PLA General Hospital. We collated details of hospital admissions, open clinic visits, and primary and secondary diagnoses based on the International Classification of Diseases, 9th edition. Inclusion criteria for the study were being newly diagnosed with IgAN, being aged ≥14 years, and having an estimated glomerular filtration rate (eGFR) of ≥15 mL/min/ 1.73 m 2 and no less than eight glomeruli available at biopsy. Exclusion criteria for the study were presence of secondary IgAN, comorbidity with systemic diseases such as diabetes mellitus, or a follow-up time of < 36 months.
Measurement
We evaluated sex, age at biopsy, baseline proteinuria, baseline systolic and diastolic blood pressure, and serum creatinine within a week of biopsy. Mean arterial pressure (MAP) was estimated as diastolic pressure plus one-third pulse pressure. Serum creatinine was measured using a Roche MODULAR automatic biochemistry analyzer. Patients' eGFR was calculated using the Chronic Kidney Disease Epidemiology Collaboration equation adjusted for Asian populations [15] . Pathological lesions were rescored independently, using light microscopy, by two experienced pathologists according to the Lee grade, the Haas classification, and the Oxford classification. Five lesions were included in the Oxford classification: mesangial hypercellularity (M); endocapillary hypercellularity (E); segmental glomerulosclerosis (S), including any amount of the tuft involved in sclerosis, but not involving the whole tuft, or the presence of an adhesion; tubular atrophy/interstitial fibrosis (T); and crescents (C) according to the updated Oxford classification [8] . M is scored for each glomerulus by assessing the most cellular mesangial area, excluding mesangial areas adjacent to the vascular stalk. Less than 4 mesangial cells/mesangial area is scored as 0, 4-5 mesangial cells/mesangial area is scored as 1, 6-7 mesangial cells/ mesangial area is scored as 2, and ≥8 mesangial cells/mesangial area is scored as 3. The mean mesangial score is the total of the mesangial scores divided by the number of scorable glomeruli. M0/M1 is defined as mesangial hypercellularity score ≤0.5/> 0.5. E0/E1 is defined as any endocapillary hypercellularity absent/present. S0/S1 is defined as the absence/presence of segmental glomerulosclerosis or adhesion. T0/T1/T2 is defined as < 25%/26-50%/> 50% tubular atrophy/ interstitial fibrosis. C0/C1/C2 is defined as absence/< 25%/≥25% of crescents, including cellular and fibrocellular crescents. Follow-up patient data were collected via telephone interview. The use of renin-angiotensin system blockade, corticosteroids, and immunosuppressants during follow-up was reported. Renin-angiotensin system blockade indicated exposure to angiotensinconverting enzyme inhibitors, angiotensin receptor blockers, or both. The following immunosuppressive drugs were recorded: cyclophosphamide, cyclosporine, tacrolimus, mycophenolate mofetil, leflunomide, and Tripterygium wilfordii. The start point was the time of biopsy. The endpoint was the requirement for renal replacement therapy, identified as progression to ESRD (eGFR < 15 mL/min/1.73 m 2 ) or a ≥50% decline in eGFR. Serum creatinine and endpoint events were measured. All data entry and telephone interviews were performed by an independent clinical reviewer prior to February 1, 2014.
Statistical Methods
The Kolmogorov-Smirnov test was used to determine the normality of the distribution of continuous variables. Continuous variables with normal and nonnormal distribution were expressed as means (standard deviations) and medians (interquartile ranges), respectively. Cutoffs for continuous variables were determined according to professional knowledge and published articles. Categorical variables were expressed as absolute values and percentages. The kappa coefficient was used to evaluate differences in scoring pathology between different pathologists; kappa ≥ 0.6 shows good concordance. If the results of the two pathologists were different, it was determined by discussion. Univariate analysis was performed using the univariate Cox survival analysis to identify candidate predictors, taking into consideration established prognostic clinical indicators such as sex, age, MAP, initial proteinuria, eGFR, and chronic kidney disease stage as well as the three pathological classification systems. Multivariate Cox survival regression models were used to identify independent clinical predictors of the endpoints. Variables associated with the endpoints received further consideration for multivariate Cox survival analysis. In the third step, by adjusting for independent clinical predictors, three different multivariate Cox survival regression models were constructed for the three pathological classification systems. The goodness of fit of the Cox survival regression models was evaluated via Akaike information criterion (AIC). Models with smaller AIC or χ 2 values are called well calibrated. Determination of whether one set of discrimination abilities was superior to another was made using the continuous net reclassification improvement (NRI) described in Pencina et al. NRI(> 0) = 2×[P(up|event) -P(up|nonevent)] [16] . The predicted time horizon was estimated by extrapolating the observed rates in the Kaplan-Meier survival analysis. Censoring was adjusted by the inverse probability censoring weight. Its magnitude is more important than statistical significance. Presenting NRI with its CI is recommended. All p values were two-tailed, and values < 0.05 were considered statistically significant. Statistical analyses were performed using SPSS software (version 17.0; SPSS Inc., Chicago, IL, USA) and R programming (version 3.1.0). 
Results
Of 483 IgAN patients who met the inclusion and exclusion criteria, 71 were not followed and were excluded; 412 cases were included in the study. Patient characteristics at biopsy are presented in Table 1 . The patients' mean age was 34.95 ± 10.79 years, and 223 (54.13%) patients were men. Renal impairment (eGFR < 60 mL/min/1.73 m 2 ) was present in 62 (15.06%) patients. The most common histological classification was present in 238 (57.77%) patients with Lee grade III and 281 (68.20%) patients with Haas classification III. The most common histological lesions in the Oxford classification were S1 and T1 lesions, present in 294 (71.36%) and 255 (61.89%) patients, respectively. The kappa coefficients of the three pathological classifications were all > 0.6, suggesting that their repeatability was good ( Table 2) .
The average follow-up period was 80.62 ± 23.63 months, and 4 patients died. A total of 44 (10.68%) patients progressed to ESRD, and 70 (16.99%) showed a ≥50% decline in eGFR (including progression to ESRD).
The results of univariate Cox survival analysis showed an association between clinicopathological features and progression to ESRD or a ≥50% decline in eGFR (Table 3 ). Univariate analysis revealed that proteinuria, MAP, eGFR, chronic kidney disease stage, Lee grade, Haas classification, and M, S, and T lesions of the Oxford classification significantly correlated with progression to ESRD or a ≥50% decline in eGFR (p < 0.05). In addition, age, sex, and E and C lesions of the Oxford classification were not predictive of progression to ESRD or a ≥50% decline in eGFR (p > 0.05). The results of multivariate Cox survival analysis indicated an association between clinical features and progression to ESRD or a ≥50% decline in eGFR (Table 4). In the multivariate analysis, the independent clinical predictors for ESRD or a ≥50% decline in eGFR were proteinuria (1.19, 95% CI 1.08-1.30), MAP (1.57, 95% CI 1.33-1.86), and eGFR (0.78, 95% CI 0.71-0.85). Three multivariate Cox survival models were used to analyze the association between pathological features and progression to ESRD or a ≥50% decline in eGFR after adjusting for clinical features ( M  M  E0  E1  S0  S1  T  T  T  C0  C1  C2   Lee grade  I  0  1  7  0  7  0  0  1  2  7  0  0  II  37  4  38  3  31  10 24  17  0  38  3  0  III  157  81 196 42  61 177 24  194  20 201 36  1  IV  30  72  91 11  14  88  0  44  58  73 29  0  V  7  17  22  2  5  19  0  0  24  20  3  1 Haas Multivariate Cox survival analysis (Table 4) showed that clinical indicators such as baseline proteinuria, MAP, and eGFR were prognostic factors of endpoints. After adjusting for those clinical indicators, Lee grade, Haas classification, and M/T lesion of the Oxford classification were independent risk factors of endpoints (Table 5) . A simplified classification system was made by M and T lesion. There were some intersections of survival curves with varying degrees of pathological changes (Fig. 1) . By log-rank test ( Table 9 ), intertwined curves (p > 0.05) were merged into one. The final simplified classification (Beijing classification) was shown (Table 10 ). Grade 1 is M0T0 or M1T0, grade 2 is M0T1, grade 3 is M1T1 or M0T2, and grade 4 is M1T2. There are no crossed survival curves between different grades (Fig. 2) .
The Cox survival regression analysis results, including AIC and χ 2 , are presented (Table 11). The AIC values for models of progression to ESRD or a ≥50% decline in eGFR were A reclassification of the Cox survival regression models is presented (Table 12 ). The prognostic value of the Lee grade was higher than that of a model containing only established baseline clinical indicators for progression to ESRD or a ≥50% decline in eGFR (0.50, 95% CI 0.21-0.74). The prognostic value of the Haas classification compared to that of a model containing only the established baseline clinical parameters was not statistically significant (with a negative value in the 95% CI). The prognostic value of the Oxford classification was higher than that of a model containing only established baseline clinical indicators for progression to ESRD or a ≥50% decline in eGFR (0.48, 95% CI 0.28-0.71). The prognostic value of the Lee grade compared to that of the Oxford classification was not statistically significant (with a negative value in the 95% CI). The prognostic value of the Haas classification was lower than that of the Oxford classification for progression to ESRD or a ≥50% decline in eGFR (0.59, 95% CI 0.10-0.74) and that of the Lee grade for progression to ESRD or a ≥50% decline in eGFR (0.53, 95% CI 0.23-0.92). The prognostic value of the simplified classification (Beijing classification) was similar to that of the Oxford classification.
Discussion
This study confirmed that pathological lesions determined by the Lee grade, the Haas classification, and the Oxford classification showed independent and limited prognostic value in progression to ESRD or a ≥50% decline in eGFR in IgAN. By comparing the NRI of different Cox regression models, this research indicated that both the Lee grade and the Oxford classification showed incremental prognostic value based on established baseline clinical indicators, and that the Haas classification may be slightly inferior to the Lee grade and the Oxford classification. This study provided an objective basis for prognostic value comparison of the Lee grade, the Haas classification, and the Oxford classification in primary IgAN.
Comparison of the prognostic value of different Cox survival regression models, considering completely different risk factors, remains lacking of reliable statistical methods. NRI was introduced in 2008 with the example of the added value of high-density lipoprotein cholesterol level in coronary risk prediction in the Framingham Heart Study [17] . The NRI captures the change in a person's predicted risk and thus translates into a clinically meaningful change in treatment recommendations. In addition, NRI was used in this study and provided a basis for similar research methodology in the future.
The Lee grade and the Haas classification were both single grade. The biggest difference between them was that the Haas classification considered renal interstitial fibrosis or renal tubular atrophy of > 40% of the renal cortex important independent prognosis factors. Another difference was that focal and segmental glomerular sclerosis was graded separately in the Haas classification. Previous studies have suggested that pathological lesions determined by the Lee grade and the Haas classification should be prognostic factors for IgAN [11, 12] . This study confirmed pathological lesions determined by the Lee grade and the Haas classification as independent prognostic factors for IgAN, and the Lee grade showed increasing statistically significant prognostic value as the grades progressed, although the risk of development of both endpoints for Lee grade III, relative to grades I and II, was not significant. It was partly because Lee grade III, the most common in IgAN, has significant heterogeneity. However, the prognostic values of different subsets of the Haas classification did not differ significantly in this study. This study also found that the Lee grade and the Oxford classification, rather than the Haas classification, showed incremental prognostic value based on established baseline clinical indicators. In addition, the Haas classification was slightly inferior to the Lee grade and the Oxford classification. The reason may be that no patients with Haas classifications of I or II reached the primary or secondary endpoints in the study. Merging Haas classifications I, II, and III reduced the prognostic value of the Haas classification.
The Oxford classification, reported in the semiquantitative form, defined pathological lesions for the first time and was simpler than previous semiquantitative grading systems such as the Katafuchi scores. However, the results of the validation of the Oxford classification were inconsistent. This study confirmed that M and T lesions of the Oxford classification were independent prognostic factors, while E and C lesions were not, which is consistent with a metaanalysis of the validation of the Oxford classification [13] and the VALIGA study [18] . Different from these two studies, E lesion was not an independent prognostic factor, which is consistent with the Oxford cohort [7] . As shown in Table 5 , clinicians usually use more active corticosteroids or immunosuppressive agents when patients have E or C lesions, which may reverse the degree of pathology and thus weaken the prognostic value of E/C lesions. Other studies [19, 20] also support that the prognostic role of E/C lesions is mainly for patients who do not receive corticosteroids or immunosuppressive agents. Therefore, clinicians should pay more attention to E and C lesions when considering the indications of immunosuppressive therapy, which may avoid E and C lesions becoming the prognostic factors. Based on active treatment, researchers should devote more attention to M and T lesions of the Oxford classification to evaluate prognosis. Other studies also support that M or T lesions were key prognostic factors of IgAN [21] . On the other hand, it was hard for clinicians to intuitively assess the prognosis of a patient by the Oxford classification including 4-5 lesions. To solve this problem, we developed a one-dimensional system based on the multivariate Cox regression of the Oxford classification. The new system included four grades, using only M and T lesions. Despite using less pathological parameters, the new system (Beijing classification) could provide a prognostic value similar to that of the Oxford classification, which is better than the Haas classification.
The study was designed keeping in mind the prognostic value of different pathological classification systems. Multivariate Cox survival regression models in the study were only adjusted for estimated prognostic clinical indicators at biopsy, such as proteinuria, blood pressure, and kidney function, instead of patients' data during follow-up, which is superior to baseline clinical data in predicting outcomes in IgAN [22] . The results showed that baseline proteinuria, MAP, and levels of eGFR were risk factors for progression to ESRD or a ≥50% decline in eGFR, which is consistent with previous research findings.
This retrospective study involved its own limitations, such as patients not following unified treatment plans. Considering the study sample, emerging prognostic clinical indicators such as smoking status, serum uric acid, cholesterol, and triglyceride were not analyzed in the study. In addition, since IgAN is a chronically progressive disease, the number of patients who progressed to ESRD or showed a ≥50% decline in eGFR in this study, as well as previous similar studies, was not enough to establish significance; therefore, the research outcomes require further validation in future research.
Earlier studies examining the value of prognostic scores in identifying patients at high risk of progressive kidney disease suggest that, even when considering basic histological criteria and clinical data collected over 2 years, clinicians can only explain approximately onethird of the variability in outcome for IgAN patients [19] . The significant heterogeneity and chronic progression of IgAN make it difficult to foretell the outcome for all individual patients at the time of biopsy. Further study of pathological molecular processes may provide an opportunity to improve our understanding of the pathological lesions of this disease and to identify new potential therapeutic targets. 
Conclusion
The three pathological classification systems of primary IgAN had independent and limited prognostic value in progression to ESRD or a ≥50% decline in eGFR. Both the Lee grade and the Oxford classification showed incremental prognostic value beyond established baseline clinical indicators such as proteinuria, MAP, and eGFR. The Haas classification may be slightly inferior to the Lee grade and the Oxford classification. The hierarchical classification (Beijing classification) using less pathological parameters does not lose predictive efficiency.
